SUMMARY Cryoablation was applied to the treatment of 15 refractory tachyarrhythmias in 12 patients, Wolff-Parkinson-White atrioventricular reentrant tachycardia (WPW) in five patients, paroxysmal atrial fibrillation (PAF) in five patients, chronic atrial fibrillation (CAF) in one patient, paroxysmal atrial tachycardia (PAT) in two patients and paroxysmal ventricular tachycardia (PVT) in two patients. At operation the accessory pathway in four patients with left-sided WPW was located by intraluminal coronary sinus and epicardial electrographic mapping techniques. Epicardial cryothermal mapping during tachycardia terminated the arrhythmias in one patient. In three patients endocardial cryothermal mapping was necessary to abolish ventriculoatrial accessory pathway conduction. In four patients with PAF and one patient with PAT the AV node/His bundle was located by both electrographic and cryothermal mapping. In one patient with concealed WPW, one with PAT, and the patient with CAF, electrographic mapping was impossible. Cryothermal mapping accurately located the AV node/His bundle in two of these patients.
WITH THE ADVENT of electrographic mapping techniques'-8 surgical procedures have been specifically designed to eradicate cardiac arrhythmias. These techniques have been directed toward the destruction of foci of automatic tachycardias, the interruption of reentrant pathways essential to the continuation of the tachycardia or the ablation of the atrioventricular conduction tissue to prevent the ventricular expression of rapid supraventricular arrhythmias. The methods of destruction have included surgical incision, electrocautery and ligature. Recently
Gallagher and colleagues9g-introduced cryoablative techniques and in this report we confirm and extend their results. We have used a technique of cryothermal mapping not only to localize conduction tissue but also to identify irritable ventricular tissue before irreversible destruction of this tissue by cryoablation. Patients The clinical details of the 12 patients included in this report are summarized in table 1. They are a consecutive series of patients who underwent operation for the treatment of tachycardia between November 1977 and December 1978. All patients suffered from tachycardia that was resistant to conventional medical treatment. In the five patients with paroxysmal atrial fibrillation the frequency of attacks could not be significantly reduced by antiarrhythmic medical therapy. In one case of established atrial fibrillation with mitral valve disease, medical treatment failed to control the ventricular response or worsened existing cardiac failure and asthma. In the patient with Ebstein's anomaly and brady-tachy syndrome, antiarrhythmic drugs worsened symptomatic bradycardias and rightheart failure. Four patients presented with repetitive supraventricular tachycardia unresponsive to antiarrhythmic drug prophylaxis; two had cardiac failure. Two patients with recurrent ventricular tachycardia and syncopal spells failed to respond to a large variety of antiarrhythmic agents.
Preoperative Methods and Findings
Clinical diagnosis of the arrhythmias was achieved by 12- In those patients undergoing His bundle section the right atrium was opened when the heart was fibrillating to avoid the complications of a possible patent foramen ovale. In three of the five patients with a left-sided accessory pathway the aorta was crossclamped and the aortic root perfused with normothermic blood before the left atrium was opened through the interatrial groove. In patient VA, who had ventricular tachycardia, the septum below the pulmonary valve was exposed via a vertical right ventriculotomy. In patient WA, who also had ventricular tachycardia, mitral valve replacement with cardioplegia was per- formed after ablation of the tachycardia focus but before attempted His bundle destruction.
Electrographic Mapping
The principle of electrographic mapping is now well accepted.'-8 Our technique involved the use of a tripolar mapping probe. Each pole is platinum and 1 mm in diameter and the three poles are set in araldite in a triangular pattern. 2 mm apart. Three bipoles were derived by connecting each pole to the remaining two and the bipolar electrograms were amplified and passed through a band-pass filter to select frequencies of 50-700 Hz. Reference electrograms were obtained by bipolar hook electrodes anchored to the myocardium by suture. These signals were recorded simultaneously with three surface ECG leads on an Elema Mingograf at paper speeds of 100 or 250 mm/sec. The mapping probe was moved from point to point on the epicardial or endocardial surface of the heart to record signals from predetermined points in the areas of interest. At each sampling position the point at which the maximum deflection of the local electrogram crossed the baseline was timed to the nearest 5 msec in relation to a fixed reference electrogram and the surface ECG. The activation time at each point was plotted by computer at its respective planar coordinates on a computer-generated, stylized outline of the appropriate area of the heart. A stable relationship between reference electrograms and the surface ECG was required before measurements were accepted as valid.
The His bundle was located by electrographic mapping of the floor and septal region of the right atrium during sinus rhythm or atrial pacing. Epicardial localization of the atrial insertion of the accessory pathways was assisted by the use of a quadripolar electrode catheter introduced through a stab wound in the right atrium and manipulated into the lumen of the coronary sinus. This method allowed posterior left atrial mapping without dislocating the heart. Bipolar signals from this catheter and the mapping probe were recorded during ventricular pacing or reentrant tachycardia. In patient BM the ventricular insertion was localized by left ventricular epicardial electrographic mapping during atrial pacing. In three patients (GG, GL and BM) the left atrial endocardium around the mitral valve ring was electrographically explored. In patient VA the right ventricular epicardial surface and the septal region of the right ventricular outflow tract were electrographically mapped during sinus rhythm and ventricular tachycardia. In patient WA left ventricular epicardial signals were recorded during ventricular tachycardia.
Cryothermal Mapping and Cryoablation
The cryotherapy system used was an unmodified Spembley-Amoils TCC 42 cryo-unit ( fig. 1) Epicardial cryothermal mapping was performed in four patients with accessory pathways. The cryoprobe was placed in the region of the tip of the indwelling coronary sinus catheter, resulting in block of accessory pathway conduction in patient AC. In this patient the accessory pathway was cryoablated from the epicardial surface and cardiopulmonary bypass was not required. In the three other patients endocardial cryothermal mapping was performed at points on the atrial side of the mitral valve ring previously identified by electrographic mapping. This resulted in accessory pathway block ( fig. 4 ) in all three cases. Profound cooling of these and adjacent areas was then performed. Initiation of tachycardia was not possible after this procedure in any of these four patients. These patients have been followed up for an average of 11 months without recurrence of symptomatic tachycardias and none requires additional antiarrhythmic therapy. 
Ventricular Tachycardia Focus Ablation
During established ventricular tachycardia cryothermal mapping over the earliest areas of epicardial activation resulted in the termination of tachycardia in patient WA. In patient VA, the earliest epicardial activation occurred 25 msec after the onset of the tachycardia QRS complex, and cryothermal mapping at this point had no effect. Cryothermal mapping of the right ventricular septal surface, where electrical activation was coincident with the onset of the QRS complex, resulted in irregularity and termination of the tachycardia (fig. 5) U'E response to medical therapy in terms of reduction of frequency or duration of symptomatic arrhythmias. In addition, pacing methods to control the tachyarrhythmias were either inappropriate, as in those patients with paroxysmal atrial fibrillation, or ineffective in those patients with reentrant tachycardias, in four of whom (RH, GL, BM and WA) the tachycardia was almost incessant. During preoperative electrophysiologic studies, particular attention was paid to the ability of stimulation techniques to reliably initiate reentrant tachycardia'7 in patients with accessory pathways or ventricular tachycardia. This is important for the success of intraoperative electrographic and cryothermal mapping, particularly in those patients with ectopic ventricular foci, the only abnormal expression of which may be the tachycardia itself.
The use of specific surgical procedures to abolish or ameliorate resistant cardiac tachyarrhythmias is becoming an established therapeutic approach. Interruption of the bundle of His has been used in two situations: to control the ventricular rate in arrhythmias entirely confined to the atrial myocardium or AV node9' 18, 19 and to interrupt the tachycardia circuit in those patients with a reentrant mechanism involving the His bundle and an accessory pathway. [13] [14] [15] However, in this latter situation a better alternative is direct ablation of the accessory pathway itself. This is particularly important in patients with short accessory 
